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COLOR PRINTER techniques. Mirror drive data of one bit, when written to 

each memory cell, tilts the micromirror in a positive direc- 

BACKGROUND OF THE IISTVENTION tion or in a negative direction to change the light reflection 

direction. The principle and applications of such a digital 

1. Field of the Invention ^ micromirror device are described in a monthly magazine "0 
The present invention relates to a color printer for record- pl^g October, 1994, pp. 90-94. 

ing a color image on photosensitive material, and more micromirror device has advantages of a low Ught 

particularly to a color prmter using a color spaUal hght attenuation coefiBcient and a large aperture efficiency 

modulator having smaU size mirrors disposed in hue or tting factor). It is therefore advantageous if the micro- 

matnx, of each of which the hght reflecUon direcUon is minor device is utilized in a color printer. In printing a color 

variable. image by using the monochrome spatial light modulator, a 

2, Description of the Related Art filter turret is used, which is rotated to sequentially enter red, 
A color photographic printer for projecting an image of a green, and blue sectors into an optical path to perform 

negative film onto photosensitive material such as color three-color line-sequential exposure or three-color frame- 
paper is most common as a color printer for recording a 15 sequential exposure. This filter turret complicates the stnic- 
color image (including characters and line drawing) on color ture of a color printer and hinders high speed printing, 
paper. Recently, a color printer is used in practice which 

drives a display unit by image daU to record a color image SUMMARY OF THE INVENTION 

Q on color paper. Such a color printer includes a CRT type, a ^ principal object of the present invention to provide 

2 laser type, a liquid crystal type, and the like. 20 ^ ^^^^^^ ^^^^ ^^^^^ ^^p^^ structure by dispensing 

^ A CRT type color printer includes a line type and a frame with a filter txu-ret. 

^ type. The line type uses a flat color CRT drawing red, green, ,^ ^^^^^ to achieve the above and other objects, the color 

m and blue three rasters to form a color image through three- .^^^^ invention comprises spatial light modulator 

^ color Une-sequential exposure. The frame type uses a fine ^^^^ ^^^^ one micromirror array, 

precision monochrome CRT and a filter turret in which a . ^ . . r n • j • j *u 
O monochrome image of a three-color image is sequentially ^^^J'f illummating duang red exposure the 
formed,andcorrerpondingcolorfiltersaresetinfrontof the «P^'^^ modulator means with red hght, 
monochrome CRT to convert the monochrome images into a green Ught source for illummating durmg green expo- 
red, green, and blue images and sequentiaUy record them. sure the spatial light modulator means with green Ught, and 
a The CRT type therefore requires a large size CRT and a ''^ a blue Ught source for iUuminating during blue exposure 
complicated CRT drive circuit. the spatial Ught modulator means with blue light, and prints 
A laser color printer uses lasers for generating three-color an image on photosensitive material through three-color 
L_ laser beams and spatial Ught modulators for modulating the line* or firame-sequential exposure. 
M intensity of each laser beam with image data of each color. During the red exposure, red Ught from the red light 
Intensity modulated laser beams of three colors are source is incident upon the spatial light modulator means 
synthesized, and the synthesized laser beam is scanned by a which is driven in accordance with red image data to control 
polygon mirror or the like in the width direction of color a tilt of each micromirror and to project the red Ught 
paper to print a color image line-sequentially. With the laser reflected from the spatial light modulator means upon the 
color printer, the intensity of a laser beam is required to be ^ photosensitive material. During the green exposure, the 
modulated serially in unit of dot so that modulation of one green Ught source is turned on and the spatial light modu- 
Une takes a relatively long time. Furthermore, since an lator means is driven in accordance with green image data, 
exposure time for one pixel is short, a reciprocity law failure During the blue exposure, the blue Ught source is turned on 
of color paper may occur being unable to reproduce an and the spatial light modulator means is driven in accor- 
original image with high fideUty. StiU further, a laser color dance with blue image data. 

printer cannot perform frame exposiire. According to a preferred embodiment of the invention, 

A Uquid crystal color printer uses as a spatial Ught the spatial Ught modulator means includes N (N is an 

modulator a Uquid crystal unit having a number of micro optional natural number) micromirror arrays, and the micro- 

Ught bulbs disposed in line. This Uquid crystal color filter mirrors are disposed in matrix. According to another 

has a low transmittance so that a bright Ught source is embodiment of the invention, the color printer further com- 

necessary, and since it has a low aperture efiSciency prises a white light source for illuminating the spatial light 

(vignetting factor), the image quality is degraded. modulator means with white Ught to record a monochrome 

Furthermore, since the performance of a Uquid crystal imit image (including monochrome characters), 

changes with time and environments, the tonal level is According to the present invention, a color image is 

difiBcult to be correctly controUed. 55 printed by three-color line- or frame-sequential exposure by 

A mirror type spatial Ught modulator is known which has using a mirror type spatial Ught modulator means, so that a 

a number of small size mirrors (hereinafter called high quality color image can be printed. Furthermore, since 

micromirrors) and the tilt angle of each micromirror is a filter turret is not necessary, the structure becomes simple 

changed to control deflection of spot light. Mirror type and compact more than a conventional color printer. In 

spatial light modulators include digital micromirror devices go addition to three-color light sources, a white Ught source for 

(DMD) which tilt each micromirror by electrostatic force, illuminating the spatial Ught modulator means with white 

piezoelectric type drive micromirror devices (AMA) which color is provided so that a monochrome image as weU as a 

tilt each micromirror by a fine piezoelectric element, and the full-color image can be printed, 
like 

^. . . . . , - . * r « BRIEF DESCRIPTION OF THE DRAWINGS 

For example, a digital microminor device has a static 65 

RAM (SRAM) on each memory ceU of which a micromirror The above objects and advantages of the present invention 

capable of swinging is formed by semiconductor integration will become apparent from the following detailed descrip- 
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tioD of the preferred embodiments of the inventioD when has +5 V. As a negative bias is applied to the micromirror 5, 

read in conjunction with the accompanying drawings, in the micromirror 5 tilts to the address electrode 8 side and its 

which: corner 5b contacts the silicon substrate, as shown in FIG. 

FIG. 1 is a diagram illustrating a digital micromirror 

device constituting a main part of this invention; ^ As mirror drive data "1" is written to the memory cell 4, 

HGS. 2A to 2C are diagrams illustrating the operation of the address electrode 7 has +5 V and the address electrode 

a micromirror 8 has 0 V. As a negative bias is applied to the micromuror 

^ . *.„ . 1 . L • 1 r 5, the micromirror 5 tilts to the address electrode 7 side and 

FIG. 3 IS an Ulustrative plan view showmg an example of ^^^^ ^^^^^ ^.^^ ^^^^^^^^ ^ ^^^^ 

a digital micromirror device; ^0 2C. Tlie microminor 5 tHts therefore by +6 or by -9 in 

FIG. 4 is a schematic diagram of a color printer of this accordance with the mirror drive data value, 
invention using a digital micromirror device; micromirror 5 has one horizontal sUte and two tilt 
FIG. 5 shows signal waveforms illustrating red exposure; states. The two tilt states are utilized for image formation. In 
FIG. 6 is a block diagram showing an example of a data one of the two tilt states, spot light travels from the micro- 
converter circuit using a comparator; mirror 5 to form an image. For example, while the micro- 
FIG. 7 shows signal waveforms illustrating an operation mirror 5 takes +6, spot light from the micromirror 5 is 
of the data converter circuit shown in FIG. 6; guided to an image forming optical path. While the micro- 
FIG. 8 is a block diagram showing an example of a data takes -G. spot Ught is not needed so that it is guided^ 
p. converter circuit using an LUT; to an eUminaUngopUcal path. While t^^^ 
Q ™ « . . , ^ . ^" +8, a vahd reflection state (ON state) mamtains m which 
^ HG. 9 shows sieial waveforms lUustratmg an operation ^^^^^^ ^ ^ ^^^^ • formation. While the 
^ of ±e data converter circuit shown m FIG. 8; micromirror 5 takes -0. an invaUd reflection slate (OFF 
M=l FIG. 10 is an illustrative view showing a digital micro- ^^^^^ maintains in which reflection light is not utUized for 
^ mirror device using a micromirror array of one column; and image formatioB. The tonal level of an image can be 
0^ El G. 11 is a schematic diagram showing a color printer ^5 represented by changing the time or occurrence frequency of 
Pf% capable of printing both a monochrome image and a color the valid reflection state of the microminor 5. 
^ image. FIG, 3 shows a digital micromirror device used for frame 
i nPTAn Fn nPSPRTPnON of the exposure. Micro mirror arrays each having a number of 
^ D^DD^^FM^^^ ,n micromirrors 10a disposed in line are juxtaposed. Each 
^ PREFERRED EMBODIMENTS 30 ^„^y iq micromirrors in the drawing, but 

, FIG. 1 shows a digital micromirror device 2 used as a has a great number thereof actually. In this embodiment, 

spatial light modulator. The digital micromirror device 2 has micromirror arrays of nine columns are provided and the 

a static RAM (SRAM) 3 and a plurality of micromirrors 5 micromirrors 10a are disposed in matrix. As shown in FIG. 

f=% formed above SRAM 3 in line. Each micromirror 5 is 1, a small space is formed between adjacent two micro mir- 

supported for being capable of swinging above SRAM 3 at rors on the same column, and the same space is formed 

a post 6 formed at the central area of the memory ceU. Each between two micromirror arrays. For simplicity of the 

g micromirror 5 is a square having a side length of, for drawing, the micromirrors 10a in FIG. 3 are shown in 

example, 16 jum, and is made of a metal thin film such as contact with each other. 

' conductive aluminum. ^ Referring to FIG. 4 showing the color printer of this 

Address electrodes 7 and 8 are formed on both sides of the invention, provided as the light sources for illuminating the 

post 6. The address electrodes 7 and 8 and the micromirror digital micromirror device 10 are a red LED unit 11 for 

5 constitute a capacitor. The micromirror 5 is lilted by static frame radiation having a number of red LEDs formed on a 

electricity charged between the address electrodes 7 and 8 substrate in matrix, a green LED unit 12, and a blue LED 

and the micromirror 5. Specifically, one of the corners 5a unit 13 respectively of a similar structure, 

and Sb on a diagonal line passing through the post 6 and Red light from the red LED unit 11 transmits through a 

address electrodes 7 and 8 tilts and contacts the silicon dichroic mirror 14 reflecting green light and a dichroic 

substrate on which SRAM 3 is formed. The comers on the mirror 15 reflecting blue light. This red light is condensed by 

other diagonal line are suspended by a pair of support posts a condenser lens 16 and illuminates the whole surface of the 

via torsion hinges. Each constituent such as micromirror 5 digital micromirror device 10. Green light from the green 

and post 6 is fabricated by known transistor integration LED unit 12 is reflected by the dichroic mirror 14, transmits 

techniques. through the dichroic mirror 15, and illuminates the whole 

As shown in FIGS. 2A to 2C, each microminor 5 is surface of the digital micromirror device 10. Blue light from 

disposed above each memory cell 4 of SRAM 3. Each the blue LED unit 13 is reflected by the dichroic mirror 15, 

memory cell 4 is constituted of a flip-flop having at least two 55 and iUuminates the whole surface of the digital micromirror 

transistors. The transistors are connected to the address device 10. A balance filter 17 performs shading correction, 

electrodes 7 and 8. One transistor of the flip-flop in an active An LED driver 18 is controlled by a controller 20 to 

stale is ON and the other is OFF. Therefore, one of the activate only the red LED unit 11 during red exposure, to 

address electrodes is, for example, +5 V and the other is 0 activate only the green LED unit 12 during green exposure, 

V. The mirror drive data determines the electrode at +5 V. and to activate only the blue LED unit 13 during blue 

If the power is OFF, the two transistors are OFF so that the exposure. These LED units 11 to 13 are excellent in the 

address electrodes 7 and 8 do not receive application of any response characteristics of light radiation and have a prede- 

voltage and the micromirror does not receive application of termined iUuminance in a short time. If the response char- 

a bias voltage. Therefore, the micromirror 5 is horizontal as acteristics are not important, three lamps may be used by 

shown in FIG. 2A. 65 disposing color filters in front of the three lamps. 

As mirror drive data "0" is written to the memory cell 4, Red, green, and blue image memories 21, 22, and 23 store 

the address electrode 7 has 0 V and the address electrode 8 three-color image data of one frame. Image memory for each 
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color is read for exposure. For example, for red exposure, 
image data is read from the red image memory 21 aad sent 
to a data converter circuit 24, at which the red image data is 
converted into minor drive data. 

In this embodiment, the data converter circuit 24 sequen- 5 
tially fetches each image data set, starting from the highest 
bits, and sends them as the mirror drive data to a data write 
control circuit 25. The data write control circuit 25 writes the 
mirror drive data into SRAM of the digital micromirror 
device 10 synchronously with a write timing signal. lO 

As the micromirror lOfl tilts by -6 in response to the 
mirror drive data "0", it enters the invalid reflection state and 
its reflection light is incident upon the light absorbing plate 
27. As the micromirror lOfl tilts by +6 in response to the 
mirror drive data "1", it enters the valid reflection state and 
spot reflection light is incident upon a projector lens 29 via 
a balance filter 28. 

Spot light of one frame reflected from the digital micro- 
mirror device 10 is projected by the projector lens onto 
photosensitive material such as color paper 30 to record an ^ 
image of one frame. An image whose color and density are 
an inversion of an image to be recorded on the color paper 
30 is incident upon the color absorption plate 27. Therefore, 
if color photosensitive material is disposed at the position of 
the light absorption plate 27 and a projector lens is disposed 
in front of the color photosensitive material, then an image 
whose color and density are an inversion of an image to be 
recorded on the color paper 30 can be formed. Reference 
mimeral 31 represents a mask. 

The color paper 30 is nipped with a transport roller pair 
32, intermittently pulled out of a supply roll 33 by one 
frame, and sent to a take-up roll 34. While the color paper 
30 is stopped, three-color images are recorded frame sequen- 
tially. A pulse motor 36 for rotating the transport roller pair 
32 is controlled by a controller 20 via a driver 37. 

FIG. 5 shows waveforms illustrating a print operation of 
a red image. The mirror drive data is sequentially formed by 
the image data set starting torn the highest bit. In this 
example, the mirror drive data is "101101". This mirror ^ 
drive data is written into SRAM by six write operations in 
synchronism with six write timing signals. Since the occur- 
rence period of write tioaing signals is sequentially reduced 
to a half of an occurrence period preceding thereto, the 
image data fe pulse-width modulated, 

After the red exposure, the data write control circuit 25 
writes "Os" into SRAM to clear it. Thereafter, green and blue 
exposures are sequentially performed to print a color image 
on the color paper 30 frame-sequentiaUy. 

Next, the operation of the color printer constructed as 50 
above will be described. Upon instruction of printing, the 
controller 20 instructs the data write control circuit 25 to 
clear the digital micromirror device 10. The data write 
control circuit 25 writes mirror drive data "0" into SRAM of 
the digital micromirror device 10 to tilt each micromirror 55 
lOfl by -8 and causes it to have the invaUd reflection state 
as shown in FIG, 2B. 

Next, the controller 20 causes the LED driver 18 to 
activate the red LED unit 11 and illuminate the whole 
surface of the digital micromirror device 10. In this case, 60 
since "0" has been stored in each memory ceU of SRAM, 
each micromirror 10a has the invalid reflection state. 
Therefore, red spot light reflected from each micromirror 10 
is guided toward the light absorption plate 27. 

The controller 20 reads red image data of one frame from 65 
the red image memory 21 and sends it to the data converter 
circuit 24. This data converter circuit 24 picks up the highest 
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bits of respective image data sets of one frame as the mirror 
drive data, and sends it as a paraUel signal to the data write 
control circuit 25. Synchronously with the first write timing 
signal, the mirror drive data of one frame is written to 
SRAM of the digital micromirror device 10. 

The micromirror lOa enters the valid reflection state when 
the mirror drive data "1" is supplied, and reflects the incident 
red spot light along a print optical axis 38. This red spot light 
is projected onto the color paper 30 by the projector lens 29. 
In this manner, red spot light of one frame becomes incident 
upon the color paper 30 to complete the first exposure. The 
micromirror 10a applied with the mirror drive data "0" 
enters the invalid reflection state so that the reflected red spot 
light is incident upon the light absorption plate 27. 

Next, the data converter circuit 24 picks up the second 
highest bits of respective red image data sets, and sends 
them as the mirror drive data to the data write control circuit 
25. Synchronously with the second write timing signal, the 
data write control circuit 25 writes the mitlror drive data of 
one frame into the digital micromirror device 10, This write 
operation performs the second exposure by using spot light 
from the micromirrors in the valid reflection state. 

In this maimer, each micromirror performs exposure six 
times at a maximum in accordance with six-bit mirror drive 
data. The lower the bit of the mirror drive data, the shorter 
an exposure time at each stage. As shown in FIG, 5, if the 
mirror drive data is "101101", exposure is performed four 
times. 

After the red exposure, the data write control circuit 25 
writes mirror drive data of "0" into SRAM to clear it. 
Immediately thereafter, the controller 20 reads green image 
data of one frame from the green icnage memory 22 and 
sends it to the data converter circuit 24. 

The data converter circuit 24 picks up as the mirror drive 
data the highest bits of the green image data of one frame 
and writes them to the digital micromirror device 10 in 
response to the first write timing signal. Each micromirror 
10a changes its tilt in accordance with the mirror drive data 
and reflects the green spot light toward the color paper 30. 
Similar to the red exposure, six exposures of green light are 
carried out so that each micromirror 10a supplies an expo- 
sure amount corresponding to the green image data to the 
color paper 30, 

After the green exposure, a blue image is printed on the 
color paper 30 in accordance with blue image data. With this 
three-color frame-sequential exposure, a full-color image is 
printed on the color paper 30. After this printing, the 
controller 20 instructs the driver 37 to rotate the pulse motor 
36 to transport the color paper 30 by one frame in a direction 
indicated by an arrow. 

If positive-positive type color paper is used, the color 
spatial light modulator 10 is driven by using image data of 
a positive image. If general negative-positive type color 
paper is used, a negative image is projected by using image 
data of a negative image. 

FIG. 6 shows another embodiment of a data converter 
circuit. Image data read from the image memory is tempo- 
rarily stored in a buffer memory 40. Next, each pixel of the 
image data is picked up from the buffer memory 40 and sent 
to a comparator 41. The comparator 41 compares compari- 
son data supplied from a comparison data generator circuit 
42 with each set of image data to convert the image data into 
mirror drive data. For example, if the comparison data is 
smaller than the image data, the image data is converted into 
mirror drive data "0**, whereas if the comparison data is 
equal to or larger than the image data, the image data is 
converted into mirror drive data "1". 
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If the image data has six bits, the comparison data If a hard copy is intended to have only a monochrome 

generator circuit 42 generates comparison data of "1" to image such as characters, only the white light source 60 is 

"64" in decimal notation. The comparison data generator turned on to illuminate the digital micromirror device 10, 

circuit 42 first generates comparison data "1" and sends it to which is then driven by monochrome image data read from 
the comparator 41. The comparator 41 sequentially fetches 5 a monochrome image memory 52. If a hard copy is intended 

image data of one frame one pixel after another, and to have a mixture of characters and color images, the red 

compares it with the comparison data "1" to convert the LED unit 11, the green LED unit 12, the blue LED unit 13, 

image data into the mirror drive data of one frame. and the white light source 60 are sequentiaDy turned on to 

After the first comparison of image data of one frame, the P^nt images through four-color frame-sequential exposure, 

comparison data generator circuit 42 generates comparison A color printer of this invention may directly print image 

data "2". The comparator 41 compares the image data of one data fetched from a scanner, a video reproducing apparatiis, 

frame with the comparison data "2". Similarly, comparison or the like, or may print it after image processing. For 

with the comparison data "3" to "64" is performed. In this example, sequentially input images may be printed one at 

manner, the six-bit image data is compared 64 times and each time succeeding the inputting, or image data may be 

converted into mirror drive data of 64 items. thinned to form a synthesized image of reduced images 

In nC. 7, mirror drive data of 8 bits is illustratively disposed in matrix which may be then printed on color paper 

shown. The 8-bit minor drive data output from the com- as an index sheet. It is also possible that the same image data 

parator 41 is sent to a shift register array 43 which is is mput to two color prmlers to form an image one at a tmae 

constituted of a plurality of shift registers corresponding in ^y one color printer and to form an index sheet through 

number to that of micromirrors. Each shift register sequen- i°>age synthesis by the other color pnnter. 

tially sends one bit of the mirror drive data to the data write A color printer of this invention may be combined with a 

control circuit 25 to write it into a memory cell in response conventional photographic printer which projects an image 

^ to each write timing signal. In this example, the mirror drive of a photographic film onto color paper to print it. For 

data is "11111100'* so that the micro mirror has the valid example, an integrated assembly of a conventional photo- 
W reflection state during a time period of Tl. This time period ^ graphic printer as a first printer and a color printer of this 

01 Tl is an exposure time and depends upon the magnitude of invention as a second printer may be used. The color printer 

Q an image data value so that a half tone representation and photographic printer may be used in combination in 

J, matching the image data is possible. The write timing operations. 

signals have a constant period. With an integrated assembly, two printers may use the 
1=^ A data converter circuit shown in FIG. 8 uses a LUT same exposure stage or different exposure stages. Two 
5 (look-up table) memory. An LUT 46 stores table data printers may use the same photosensitive material or differ- 
3 = representative of a relationship between each image data and ent photosensitive materials. If the same exposure stage is 
corresponding mirror drive data. By using the image data as used and the two printers use different photosensitive 
an address, mirror drive data is read from LUT 80 and set to materials, the photosensitive materials accommodated in 
p the shift register array 43. In the example shown in FIG. 9, two magazines are selectively fed to the exposure stage. In 
^3 the mirror drive data is "1010101000" so that four exposure this case, components other than the paper feeder can be 
operations are executed for recording one pixel. used in common so that the apparatus can be made compact. 
Q FIG. 10 shows a digital micromirror device used for line If the same exposure stage is used by the first and second 
printing. The digital micromirror device 50 has a micromir- ^ printers, a photographic image of the first printer and a 
ror array of one column. The micromirror array actually has character or illustration image by the second printer may be 
a great number of micromirrors 51. While color paper is not printed superposed one upon the other in the same frame to 
transported, a red LED unit having a number of light thereby form, for example, a postcard. The first printer may 
emitting diodes disposed in line is driven and the red light be provided with a scanner which reads each frame of a 
becomes incident upon the digital micromirror device 50. In 45 photographic print to form an index image. After one roll of 
accordance with red image data of one line, the digital photographic film is printed, the index sheet may be formed 
micromirror device 50 reflects red line light. This red line by the second printer In this case, a print of a photographic 
light records one line on color paper. fihn and an index sheet may be formed by using the same 
Next, green light from a green LED unit is made incident photosensitive material or different photosensitive materials, 
upon the digital micromirror device 50 which reflects green 50 If the different exposure stages are used by the first and 
line light to record one line on the color paper. Lastly, blue second printers, different images may be printed in the same 
light from a blue LED unit is made incident upon the digital frame to thereby form, e.g, a postcard. If images are printed 
micromirror device 50 which reflects blue line light. After in different frames of the same photosensitive material, the 
the three-color line exposure, the color paper is transported first printer may be provided with a scanner. In this case, if 
by one record line to again perform three-color line- 55 the image can be printed without any correction, the first 
sequential exposure. printer prints it. For a frame which requires image process- 
On a postcard or the like, characters indicating i^S such as dodging (shutting light method), the second 
compliments, a notice, an address, or the like are often pnnter pnnts it. 

printed together with a color image. FIG. 11 shows a color If both the exposure stage and photosensitive material are 
printer capable of printing a monochrome image such as 60 different, the first printer prints a photographic fihn and each 

characters, phrases, signs, and other literal or symbolic frame thereof is read with a scanner to form an index image, 

images. A white light source 60 for radiating white light which is printed by the second printer using the different 

having a proper grey balance with color paper 30 is pro- photosensitive material. 

vided. This white light illuminates via a half mirror 61 a A color printer of this invention and a photographic 
digital micromirror device 10, which has numerous micro- 65 printer may be used discretely. In this case, the photographic 

mirrors for one frame. The Une print type digital micromir- printer exposes and prints an image of a photographic film, 

ror device 50 shown in FIG. 10 may be used. a scanner in the photographic printer reads each frame of the 



